Caesium displays similar chemical properties to biologically essential K+ and can be accumulated intracellularly by microorganisms via monovalent cation transport systems, which under normal circumstances mediate the uptake of K+ (or Na+) [ 1.21. As well as the ecological importance of such interactions in the environment, where they may involve radioactive caesium, there is also a potential application for 137Cs as a tracer of K+ fluxes in cells [2] . However, only a few investigations have sought to characterise the kinetics of Cs+ transport in microorganisms. In this study, infludefflux kinetics, transport selectivity and subcellular location of Cs+ are characterised for the euryhaline microalga Chlorella salina.
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Rates of Cs+ uptake by C. salina in Taps buffer (pH K O ) , determined using 137Cs+ as a tracer of Cs+ movement, declined with time and intracellular Cs+ reached a maximum after about 15 h. Semi-log plots of the data were linear, indicating first order Cs+ uptake kinetics and that Cs+ accumulation probably occurred into a single intracellular compartment. First-order uptake kinetics may arise when the vacuolar membrane is much more permeable than the plasma membrane; under these conditions the plasma membrane is the rate limiting membrane [3] . Suspension of Cs+ (137Cs)-loaded cells in buffer with stable CsCl or KCI resulted in two phases of Cs+ efflux from C. salina. These corresponded to rapid release from the cell wall and a slow single rate of release from the cytoplasm + vacuole; extrapolation of plots revealed that approximately 1 1% and 89% of total cellular Cs+ was associated with these pools, respectively. changes in cellular pools of Cs+ and K+ during Cs+ uptake (Fig.  I) . As in Saccharomyces cerevisiae [6] , the greatest degree of Cs+ accumulation occurred in vacuoles of C. salina and was coincident with an approximate stoichiometric exchange for vacuolar K+. In contrast, small amounts of Cs+ were associated with cell wall and cytoplasmic fractions and here no exchange for K+ was evident. Thus, whole-cell Cs+ accumulation exceeded K+ release (Fig. I) . Relative amounts of Cs+ associated with cell wall (-15%) and cytoplasmic + vacuolar fractions (-85%) correlated well with those estimated from efflux studies. Fluxes of Cs+ across the vacuolar membrane were calculated from these data according to MacRobbie [7] . Vacuolar Cs+ influx was generally greater than the observed maximum rate of Cs+ uptake into whole cells (see above), the latter values presumably being a direct measure of Cs+ transport across the rate-limiting plasma membrane.
Cs+ uptake by C. salina obeyed Michaelis-Menten kinetics between 0.01 and 0.25 mM CsCI, but no marked further increases in Cs+ influx occurred at >0.5 mM CsCI. LineweaverBurk plots indicated that a single system was responsible for Cs+ uptake by C. salina with apparent V, , , and K , values of approximately 33 nmol Cs+ h-1 (I06 cells)-' and 0.5 mM, respectively. The effects of KCI, RbCl and NH4CI on Cs+ uptake kinetics were examined at 0.025 mM to 0.25 mM CsCI. Subcellular fractionation [4, 5] The present results indicate that a single, relatively nonselective, rate-limiting transport system for Cs+ influx is located on the plasma membrane of C. salina, while a more permeable vacuolar membrane facilitates transport of Cs+ into the vacuole. S.V.A. gratefully acknowledges receipt of a N. E. R. C. research studentship while at the University of Dundee.
